General Overview
The Infrared Thermometer (IRT) is a ground-based radiation pyrometer that provides measurements of the equivalent blackbody brightness temperature of the scene in its field of view. The downwelling version has a narrow field of view for measuring sky temperature and for detecting clouds. The upwelling version has a wide field of view for measuring the narrowband radiating temperature of the ground surface.
The infrared thermometer for sea-surface temperature (IRTSST) is a ship-based radiation pyrometer that provides measurements of the temperature of the sea surface. The upwelling infrared emission is determined with two IRTs for over-ocean field campaigns. 
Measurements Taken
The downwelling IRT measures the infrared radiation emitted by the sky or cloud base and transforms it into a standardized output signal that is proportional to temperature in Kelvins. The upwelling IRT measures the ground-surface temperature in Kelvins.
Links to Definitions and Relevant Information
See ARM Glossary.
Data Object Description
The IRT produces the following datastreams:
irt200ms -5-Hz instantaneous sky temperature irt -1-min-averaged sky temperature gndirt -1-min-averaged surface temperature irt10m -1-min-averaged surface temperature from 10 m irt25m -1-min-averaged upwelling irradiance and surface temperature from 25 m irtsst -1-sec instantaneous sky and surface temperature for sea-surface temperature retrieval 
Data Ordering
The IRT data are available from the ARM Archive.
Data Plots
Daily quick look plots are available for the ARM data files.
Data Quality
The ARM Data Quality Office produces plots, tables, and other tools that contain techniques used by data quality analysts, instrument mentors, and site scientists to monitor and diagnose data quality.
On a weekly basis, the instrument mentor inspects plots of the data from the downwelling and upwelling IRTs at the ARM sites. Time series and scatter plots are produced and inspected to compare sky temperature measured by the IRT and atmospheric emitted radiance interferometer (AERI) and the surface temperature measured by the IRT and precision infrared radiometer (PIR). Data Quality Problem Reports and Data Quality Reports are submitted when needed.
Most datastream fields contain a corresponding, sample-by-sample, automated quality check field in the b1 level datastreams. These flags are named qc_<fieldname>. For example, the sky_ir_temp field also has a companion qc_ sky_ir_temp field. Possible values for each sample of the qc_<fieldname> are shown in the table below. The minimum and maximum thresholds are currently defined as follows for datastreams irt200ms, irt, and irtsst: The minimum and maximum thresholds are currently defined as follows for datastreams gndirt, irt10m, irt25m, and irtsst: In addition to the above data quality checks, the qc_time field is also supplied. The purpose of the qc_time field is to help detect duplicate samples, missing samples, or other sample time problems. The qc_time field contains a value for each sample time. Refer to the table below for details. Dt is within specified range 1 Dt is 0, duplicate sample 2 Dt is less than specified lower limit 4 Dt is greater than specified upper limit Finally, the table below specifies the qc_time limits used for each of the irt datastreams. 
Factory Calibration Procedures
By means of a blackbody calibration source, the display of the radiation pyrometer can be checked and recalibrated, if required. It is advisable to carry out the test under high temperature (80°-100°C). For this purpose, the radiation pyrometer is placed in front of a blackbody calibration source so that the IRT is focused on the radiator. The temperature of the blackbody radiator must be measured by means of a calibrated probe. On the indicator at the back of the device, press the left key for the menu, use the down key to choose "Calibration", press enter key to select, press left key to change "Cal.-Factor", enter the code, and press enter key to store. The calibration factor and measured temperature can be read from the display. Using the up and down keys, the factor can be changed so the temperature matches the blackbody temperature. By pressing the enter key, the new calibration factor is stored and the device will automatically be adjusted to this temperature.
Mentor Calibration Procedures
The ASTM method uses a blackbody radiator heated to 350°C (623 K). This is 350-400 degrees above the range of sky temperatures to be measured. For this reason, the mentor recommends calibrating the upward-looking instruments against a cryogenically cooled spectrometer such as the AERI spectrometer. This is accomplished as follows:
Collocate the IRT with the AERI to observe the same sky conditions. AERI provides a spectrally resolved measurement over the range of the IR thermometer's detector response. For each AERI spectrum, compute the narrowband radiance observed by the IRT:
where l is the wavelength or wavenumber, L(l,T) is the AERI spectral radiance, and S(l) is the IRT spectral response function. Then iteratively solve the following expression for the blackbody radiating temperature Tbb until it agrees with the narrowband radiance computed from the AERI spectrum:
where B(Tbb,l) is the Planck function.
Plotting the temperature reported by the IRT, Tobs, against the blackbody temperature computed from the AERI spectra, Tbb, for a wide range of sky temperatures (i.e., clear and cloudy skies, low to high precipitable water vapor) will permit the construction of a regression: Tbb = a + b Tobs. The IRT calibration can then be adjusted (see above) to match the AERI-derived values.
Although this is not an absolute calibration, it will reference the IRT to AERI and will permit the calibration to be tuned to the range of sky temperatures actually encountered. Additionally, one could use the AERI data to determine corrections for water vapor contribution (since what we hope to measure with the IRT is cloud base temperature). This will be significant during the summer at SGP and year-round at tropical AMF sites.
The calibration history of the IRTs is given in Table 12 . Note: This information was current as of January 1, 2018. Please contact the instrument mentor for the latest version. 
Units
The temperature measurements are in Kelvins.
Range
The temperature measuring range is from 173 to 473 K.
Accuracy
The accuracy is the greater value of a) ±0.5 K + 0.7% of the temperature difference between the internal reference temperature and the object measured or b) the temperature resolution.
Repeatability
Unknown.
Sensitivity
The spectral sensitivity is from 9.6 to 11.5 µm.
Uncertainty
For a 0-1 volt output range and 100 K span, the temperature uncertainty is 0.0244 K. 
Instrument System Functional Diagram

Instrument/Measurement Theory
It is well known that radiation emitted by objects can be felt by the thermal sensors of our skin. "Temperature radiation" is emitted by all material objects at temperatures above the absolute zero point. Temperature radiation is primarily emitted at wavelengths in the invisible infrared region, but at high temperatures also in the visible spectrum. Instruments capable of measuring this radiation and providing an output signal calibrated in temperature units are called radiation thermometers, radiation pyrometers, or simply pyrometers. The scientific study of the determination of temperatures by the noncontact measurement of self-emitted surface radiation is called radiation pyrometry.
A radiation thermometer measures the radiance power from the target area. The self-emitted radiant power is smaller than the radiant power from a blackbody surface at the same temperature. The reflected and transmitted radiant powers are emitted by the foreground and the background, respectively. The sum of emissivity, reflectance, and transmittance is always 1. In accordance with Planck's law, the radiances are clearly related to the temperatures, provided the relative spectral response (determined by the optical system and the radiation detector) is known. The output signal of a linear detector is proportional to the measured radiance. It is thus permissible to read the measured radiance in terms of a "measured temperature" and to calibrate the indicating meter for the output signal in temperature units (i.e., in Kelvins).
Setup and Operation of Instrument
The downwelling IRT is mounted at a height of 1-2 m above the ground, inside of a ventilated enclosure (Hoffman CSD16126SS6), oriented so the zenith view of the sky is reflected into the lens by a protected gold mirror . The upwelling IRT is mounted at a height of 2-25 m above the ground, inside a small enclosure, oriented so the mounting platform is not in the field of view and to ensure that the ground and vegetation cover are representative of the local area.
The following internal configuration is presently in use: The radiation pyrometer is a measuring transducer, which receives the infrared radiation emitted by the measuring object and transforms it into a standardized output signal. If the emissivity is known, the temperature of the object can be determined. The ARM IRTs use a constant emissivity of 0.987 for sky, to compensate for the reflectance of the gold mirror, and 1.0 for ground. The radiation pyrometer KT19.85 operates within the spectral range of 9.6 to 11.5 µm where the transmission of the atmosphere is very high. There is very little weakening of the infrared radiation due to CO2 or to water vapor contained in the air.
The working principle of infrared radiation pyrometers uses optical modulation of thermal radiation intercepted by an infrared detector. In general, this is accomplished by an optical chopper (mechanical blades driven by an electric motor), which periodically interrupts the incident radiation from the measured target to the detector. During each interruption the detector is exposed to an internal blackbody reference source having a defined temperature. Infrared detectors of the pyroelectric type must be operated with the "chopped radiation" method because they respond to radiation differences and not to absolute radiation intensities. The detector intercepts infrared radiation emitted by the measured target and, at the same time, radiation emitted by the detector enclosure. During the short chopping cycles, in the millisecond range, the temperature of the pyrometer's housing does not change. The bias is thus eliminated and substituted by the reference signal, which can be easily measured or controlled within the specified reference accuracy over the operational ambient temperature range. Thus, the "chopped radiation" method eliminates thermal drift and automatically provides a modulated signal with a precisely defined frequency.
Each IRT has its own characteristics because of small deviation in filters, detector sensitivity, and lenses. These individual characteristics are compensated by comparing the temperature reading of the instrument with the blackbody radiation at several temperatures and adapting the linearization. The radiance can be calculated from the measured temperature by integrating Plank's law over the spectral range.
The downwelling IRT reports the effective blackbody temperature of the sky in the portion of the infrared spectrum sensed by the instrument. When there is no cloud within the field of view of the instrument, this temperature depends almost entirely on the amount of water vapor in the atmosphere above the instrument. When there is a lot of water vapor present (e.g., during summer at the SGP site), the sky temperatures may exceed 250 K. When there is very little water vapor present (e.g., during winter at the SGP site), the sky temperatures may fall below 180 K. When a cloud enters the field of view of the IRT, an increase in the reported temperature should be observed. How much the temperature will increase depends on how high the cloud is, how thick the cloud is, and how much water vapor is in the atmosphere between the instrument and the cloud. Low, heavy clouds will generally produce the largest increase in temperature, especially in winter when the clear-sky temperature is low; high, wispy clouds will produce a lesser increase. During the summer when the clear sky temperature is relatively large, high clouds may produce only a slight increase.
The narrowband radiating temperature reported by the upwelling IRT will be very close to the physical temperature of the ground/vegetation in its field of view. To the extent that the physical temperature varies in the course of a diurnal cycle, so too will the IR temperature reported by the instrument.
Software
The IRT measurements are currently acquired with a Campbell Scientific CR1000 Measurement & Control Datalogger, which executes program IRTSKYGND.CR1, and collected automatically with LoggerNet Datalogger Support Software.
Maintenance
Fine dust is removed from the lens by means of compressed air or a fine lens brush. If the lens is heavily soiled or has greasy deposits, it is cleaned with paper tissues, cotton swabs, and lens-cleaning solution (alcohol or water can also be used).
See Corrective Maintenance Reporting.
User Notes and Known Problems
Positive "spikes" are produced in the sky temperature measurements during daily preventative maintenance due to water and/or alcohol used to clean the gold mirror.
Positive "spikes" can also be produced in the sky temperature measurements near the time of local solar noon. These anomalies are due to the sun in the field of view of the IRT and occur at tropical sites near the time of the equinoxes.
An apparent warm bias of the surface temperature is exhibited by the upwelling IRT, compared to the PIR, at sites where the instrument is mounted on a tower 10 m above the ground, especially in summer. The PIR responds strongly to air temperature while the IRT responds strongly to ground temperature. The bias goes away or becomes very small at night because the ground temperature approaches equilibrium with the air. The bias is also small when it is raining or very overcast (as indicated by low solar values). The bias becomes large during the day when the sun is out. For example, on sunny days at TWP/CF3, the ground temperature as measured by the IRT was about 51°C while the PIR measured a temperature about 10°C cooler. The actual air temperature at Darwin in the afternoon is about 32°C. So it appears that the PIR was reporting a temperature approximately mid-way between the ground temperature and the air temperature. This effect was also experienced at Manus and Nauru but it was more pronounced at Darwin because the radiometers were further from the ground.
An apparent negative bias of the sky temperature is exhibited by the downwelling IRT, compared to the microwave radiometer profiler (MWRP) and microwave radiometer, 3 channel (MWR3C), because the characteristics of the IRTs are different. The downwelling IRT uses a lens with a field of view of 2.6° while the MWRP and MWR3C use a lens with a field of view of 30°, which can cause a bias of ~10°C.
A positive bias of the sky temperature is exhibited by the downwelling IRT, compared to the AERI, during clear-sky conditions when the sky temperature is less than ~180K. The effect depends on the characteristics of the individual IRT and the internal reference temperature of the IRT. The greatest difference compared to AERI will occur when the sky is very clear, dry, and cold and the ambient temperature is relatively hot, maximizing the difference in temperature between the sky and instrument, and the calibration of the IRT at the lower limit of 223K was not performed accurately. This bias is especially apparent at high-latitude sites (e.g., NSA, OLI, and AWR).
The internal reference temperature of the downwelling and upwelling IRTs at AMF3 (OLI/M1) in winter is frequently less than the minimum measurable value of -20°C.
The signals of the downwelling and upwelling IRTs were moved from the SKYRAD and GNDRAD datalogger to a dedicated data acquisition system (ENG0000990) at AMF2 on 5/25/2017 and at ENA/C1 on 6/5/2017.
The downwelling and upwelling IRTs were configured to provide measurements for retrieving seasurface temperature for AMF2 deployments aboard a ship at MAG/M1 in 2012 and MAR/M1 in 2017.
The downwelling and upwelling IRTs were upgraded from Heitronics KT19.85 Type I to the Type II model (BCR-1958) 
Frequently Asked Questions
How is the IRT compared with AERI? See Section 6.5, Calibration.
What is the difference between the skin temperature, the effective ground radiating temperature measured with the upwelling IRTs, and the radiative temperature determined with the upwelling PIRs?
The skin temperature is the actual temperature of the ground surface, as measured with a thermometry device. The effective ground radiating temperature measured with IRTs is the temperature equivalent, using the Stefan-Boltzmann law, of the infrared radiant energy from the ground, assuming it acts as a blackbody with an emissivity of 1. The radiative temperature measured with the PIRs is longwave irradiance emitted and reflected by the ground surface.
What is the spectral response function of the IRT? In what datastream are the surface temperature measurements at the SGP Central Facility?
The "sfc_ir_temp" data are found in datastreams sgpmfr10mC1.a1 and sgpmfr25mC1. How is the IRT signal sampled simultaneously to provide data for both irt200ms and skyrad60s datastreams?
The IRT has both an analog and a serial port. At all sites except SGP, the downwelling analog signal of the IRT is connected to the SKYRAD datalogger and the serial signal is connected to a computer running a serial communication program. 
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Historical Changes
See Section 13, User Notes and Known Problems.
